Abstract We applied four published classifications for assessment of heterotopic ossification after total hip arthroplasty (Arcq, Brooker, DeLee and Della Valle [1, 2, 5, 6] . The average incidence of heterotopic ossification varied from 19.8% to 27.7%. The inter-observer reliability of the various classifications was determined by Cohen's Kappa statistic. Kappa values ranged from 0.897 for Arcq's to 0.814 for Brooker's classification. In order to increase the reliability and consistency, we propose a new classification system combining Brooker's and Della Valle's classifications. This new classification preserves the high reliability of Della Valle's system and is comparable to previous publications since it includes Brooker's criteria.
Introduction
The incidence of heterotopic ossification (HO) after total hip arthroplasty (THA) varies widely between different reports (8-90%) [7, 10] . A relevant meta-analysis reports the overall incidence of HO to be 37% [8] , which is in agreement with our earlier study [12] .
The most common methods for quantitative and qualitative assessment of HO in clinical practice are based on comparing the antero-posterior X-rays of the hip during the postoperative period [1, 2, 5] . Currently, the most widely used classification for assessment of HO is Brooker's system [2] . It was recently critically analysed by Della Valle and co-authors who proposed a simplified rating system [6] . They recommended better differentiation between small ossifications that hardly cause any symptoms at all and clinically more severe ossification [6] . Classification from Arcq, which is widely used in German-speaking countries [1] , and a classification system published by DeLee, which takes both severity and localisation of HO [5] into account, were also included in this study.
In order to achieve a higher agreement in evaluation of morphological parameters in pathology, Cohen's Kappa coefficient has been applied to improve the criteria for developing classification systems [3, 11] . Assessment of HO after THA is such a problem since relatively low reproducibility of Brooker's classification has been reported [9, 13] . A large multi-centre study reports the inter-observer reliability based on Cohen's Kappa value to be "fair" 0.50 (95% CI 0.30-0.70) [9] . After revision in 1994, Brooker's classification achieved a better inter-observer Kappa value from 0.57 to 0.68 [13] .
The aims of our study were to record the incidence of HO; to estimate the inter-observer reliability of Brooker's [13] , Della Valle's, Arcq's and DeLee's classifications for HO by using Cohen's Kappa coefficient and to improve the evaluation. A combined classification is proposed in this paper.
Materials and methods

Patients
One hundred eleven patients who underwent THA in the Clinic of Traumatology and Orthopaedics at the University of Tartu during 2002 were included in this study. They comprised 65 female and 46 male patients with an average age of 67.6 years and 62.7 years, respectively. In 97 cases the indication for THA was osteoarthritis.
All patients received daily post-operative prophylaxis against HO with either 200 mg celecoxib or 100 mg diclofenac for 1 week. All patients received anti-thrombotic prophylaxis with low molecular weight heparin for at least 5 days. The prostheses used were either cemented: Link Lubinus Sp II in 97 cases or non-cemented Zweymüller model in 14 cases.
Antero-posterior X-rays were taken immediately after the operation and at 12-14 months. Four observers evaluated the X-rays: two were consultant surgeons and two trainees of orthopaedic surgery. The analysis was performed single blinded to other analyses, and observers were not allowed to discuss the evaluation. This study was approved by the ethics committee at the University of Tartu.
Classification principles of tested systems
Brooker's classification divides HO into four classes: class I: islands of bone within soft tissues of any size; class II: bone spurs from pelvis or femur, leaving at least 1 cm between opposing bone surfaces; class III: same as II but reducing the space between opposing bone surfaces to less than 1 cm; and class IV: ankylosis [2] . Della Valle's classification divides patients into three groups: A: HO is absent, or new bone islands less than 1 cm in diameter are present; B: isolated ossification with a diameter at least 1 cm and marginal ossification leaving at least 1 cm distance between pelvis and femur; and C: marginal ossification leaving less than 1 cm distance between pelvis and femur or ankylosis [6] .
Arcq's classification also does not specify the minimum size of ossifications. Class I refers to isolated or marginal ossifications, which do "bridge" the opposing bone surfaces. Class II refers to the bony bridging on one side of the implant and class III on both sides of the implant [1] .
DeLee's classification is more complicated: Class I: isolated ossifications in the soft tissues exceeding 5 mm; classes II and III: presence of ossifications on the lateral or medial side of the implant, respectively. Additionally, letters A and B, which refer to a localisation of the ossification on the pelvis or femur, respectively, are added. Arabic numbers added mark the sub-class of severity where "1" refers to extension of HO less than 50% of the pelvic-femoral distance, "2" refers to more than 50% and "3" refers to complete bridging [5] .
Statistical analyses
The reliability of different classifications was assessed using the proportion of the agreeing observer pairs to the maximum of possible agreeing pairs using Cohen's Kappa coefficient, which is a measure of the chance-corrected agreement [3] and, therefore, reflects the reproducibility of different classifications. Statistical software package R, version 1.9.0 for Windows [4] and its contribution package "concord" were used for statistical calculations. Statistical significance was assessed at the conventional 5% level.
Results
The incidence of HO calculated using different classifications is presented in Table 1 . The Kappa values of the different classifications are presented in Table 2 . The fact that Brooker's classification has five classes instead of Della Valle's three and Arcq's four, may partly explain the lower rates of agreement and reproducibility. In order to eliminate this influence, we performed an additional analysis with the Brooker classes I and II together and III and IV together. This analysis returned the Kappa value for all groups as high as 0.881.
Discussion
Our results demonstrate that the incidence of HO varies considerably depending on the rating system used ( Table 1) . This has to be considered if studies are compared. Compared to the previous studies [6, 13] our Kappa values are relatively high. One possible reason for the apparent increase of inter-observer reliability is the fact that analyses with multiple classifications were performed sequentially on the same patients. Our data demonstrate that the most widely used Brooker's classification does result in lower inter-observer reliability than other systems assessed. The Although we were able to increase the reliability of Brooker's classification by limiting the number of classes, this action is arbitrary and may diminish the precision of this system. Furthermore, this action does not eliminate two problems mentioned by Wright [13] . The most common of these deals with isolated ossification having such a large size that it occupies most of the distance between the opposing bone surfaces. In our study, there was a similar problem in 5.9% cases (4-9 cases recorded by different observers). Such ossifications may potentially cause clinical symptoms, but Brooker's system classifies them as class I. Della Valle's system considers the size of such ossifications and places them in intermediate class (B) . Since Brooker's classification is currently the most widely used, we decided to create a new system, which is based on any of the other systems showing higher reliability than the Brooker's classification, so that the result will be comparable to the previous studies.
Arcq's classification showed the highest proportion of agreement, but lacked precision. Almost all cases of HO in our study group were graded "1", which partly accounts for the high Kappa value. DeLee's system grades the extension of HO based on a different principle. Therefore, we decided to combine Brooker's classification with Della Valle's system to provide adequate inter-observer reproducibility and improve consistency in classification of significant HO [6] . Della Valle's system is basically not comparable to previous studies because of its different criteria but is easily convertible to both of its parent systems.
This classification considers three levels. The first resembles the system of Della Valle using classes A, B and C. Reproducibility of this part of the classification is the same as in Della Valle's system. The second level integrates Brooker's system, and we suggest using this level for clinical work and research. Numbers 0-3 are added to the letters so "0" marks the complete absence of ossification, "1" refers to ossifications located in soft tissues, "2" refers to marginal ossifications, and "3" indicates the presence of complete bridging, which clinically and radiologically indicates fibrous or bony ankylosis.
This level of classification solves the problem of extensive, isolated ossifications, allocating them between classes B1 and C1 on the same basis as marginal ossification. They are thus divided on the basis of the overall free distance left between the pelvis and femur. The first and second levels of the classification are presented and compared to the other antero-posterior rating systems in Table 3 .
The third level of the new classification determines the localisation of the ossification. This makes our system comparable to the parts of DeLee's classification dealing with the localisation of HO. Briefly, capital letters "L" or "M" are attached to the numbers indicating ossifications on the lateral or medial side of the implant. In addition, the number "2" is supplemented by lowercase letters "p" or "f", referring to the pelvic or femoral localisation, respectively. Our analysis revealed that the incidence of HO after THA is dependent to a large extent, on the classification system used. This has to be considered when comparing the incidence of HO in the literature.
We propose a combined classification system providing easier clinical assessment and higher inter-observer reliability. The classification is convertible to previous studies using Brooker's and Delle Valle's classifications and partly convertible to previous studies using Arcq's and DeLee's systems. 
